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Introduction
Soybean (Glycine max L.) is a highly consumable legume crop on the basis of its nutritional value in the world. Soybean is regarded as a functional food with a variety of beneficial composition, especially in China. Soybeans contain several phytochemicals such as isoflavones, tocopherols, saponins and functional protein that promote and maintain human health (Sugano, 2005) . Among all, isoflavones are presented in large amount and have gained more attention globally. Soybean isoflavones are an important secondary plant metabolite, which have variety of physiological activities. Having similar structure of endo-estrogen, isoflavones can exhibit weak estrogen-like activities so as to regulate the hormonal level (Wu et al., 2009) . It is reported that isoflavones can reduce the occurrence of breast and prostate cancer, risk of cardiovascular diseases and relieve the osteoporosis and menopausal symptoms (Clubbs and Bomser, 2007; Howes et al., 2006; Wu et al., 2009 ). The major isoflavones can be divided into four groups: malonyl glycosides (malonyldaidzin, malonylgenistin, and malonylglycitin), aglycones (daidzein, genistein, and glycitein), acetyl glycosides (acetyldaidzin, acetylgenistin, and acetylglycitin), and glycosides (daidzin, genistin, and glycitin) (Kim et al., 2014) . Each isoflavone has different physiological activities. For example, isoflavone aglycones have stronger biological activities and are absorbed faster, and in greater amounts by the body than corresponding glucosides (Izumi et al., 2000; Setchell et al., 2001) . Moreover, daidzein and genistein exhibit high antioxidant activities (Devi et al., 2009; Heim et al., 2002) , while genistein has high estrogenic potential, and daidzein has lower estrogenic effects (Kuiper et al., 1998 ).
Due to benefits described above, much effort has been spent to improve the nutritional quality of soybean by transgenic engineering approaches in recent years. For example, soybean genotype has been engineered to contain lower or higher levels of isoflavones (Lee et al., 2008; Paucar et al., 2010) . However, phytochemicals are affected by genotype, weather and geographical sowing location, and they can be varied among soybean germplasms and within germplasm when planted in various geographical regions (Eldridge and Kwolek, 1983) . Wang and Murphy observed that isoflavone contents varied across the year, and across growing locations within the same year for single soybean germplasms (Wang and Murphy, 1994) . Similar studies confirm the results of previous research by studying multi cultivars over multi years and environment (Hoeck et al., 2000; Lee et al., 2003) . However, the effects of germplasm community size on isoflavone biosynthesis are still need to be investigated.
China is regarded as the place of origin of soybean with the history of more than 5,000 years. China has built the largest repository where until 2000, 25,144 soybean germplasms have been collected. Southwestern China was identified as core origin, and most germplasms were provided by Yunnan, Sichuan (including Chongqing) and Guizhou provinces (Xinan et al., 1998) . It shows the importance of soybean growth in this region, which provides abundant basic material for the selection and breeding of high quality soybean germplasms.
Although the soybean has been a major crop in Southwest of China, but few studies screened specific soybean germplasm, and investigated the correlation of isoflavone with genotype and geographical environment by metabolomics method previously. Therefore, it was significant to evaluate soybean germplasm from South-western China by using metabolomics method.
In the new era of metabolomics, metabolite profiling combined with chemometrics has become a useful tool for determining phenotypic variations, assessing food quality and identifying metabolic networks in biological systems that can lead to direct breeding strategies (Kim et al., 2014; Park et al., 2013) . Thus, in the present study, the combination of HPLC based metabolic profiling with multivariate analysis (PLS and O2PLS-DA) was used to screen the specific isoflavone germplasms, and to investigate the influence of genotype, geographical environment and germplasm community size on isoflavone biosynthesis.
Materials and methods

Plant materials and chemicals
In this study, 144 soybean germplasms were collected from Southwest China in 2014. These germplasms include 102 from Sichuan province, 25 from Chongqing, 15 Iqbal et Table S1 in the Appendix) .
Geographical locations and detailed information of these soybean germplasms are shown in Figure 1 and Table S1 , respectively. HPLC grade acetonitrile was provided by Thermo Fisher scientific inc. (NYSE: TMO). Six of the isoflavone standards (daidzein, gentstein, glycitein, dadzin, genistin and glyctin) were purchased from Weikeqi Biological Technology Co., Ltd. (China). Six external isoflavone standards (malonyldaidzin, malonylgenistin, malonylglycitin, acetyldaidzin, acetylgenistin and acetylglycitin) were purchased from Wako Pure Chemical Industries, Ltd. Japan.
Figure 1. Geographical locations of soybean germplasms from Southwest China
Sample preparation
Soybean isoflavones were extracted using a protocol adapted from Liu et al. (2016) with small modifications. All soybeans samples were ground with cyclone miller (Cyclotec 1093 Foss, Denmark), screened through a mesh (size 250 µm) and heated at 40 °C for 24 h. Three extraction replications from soybeans were prepared for each sample. Approximately 200 mg of soya flour was dissolved into 5 mL of a pre chilled MeOH/H 2 O (80/20 v: v). The mixture was extracted with ultrasonic for 3 h at 40 °C, and then centrifuged at 11,000 g for 10 min. About 1.5 mL supernatant was filtered through a 0.22 µm organic membrane filter before injecting in a sample bottle. The samples were stored at -20 °C before subjected to HPLC analysis.
Quantification
Agilent 1260 series high performance liquid chromatography (HPLC) system equipped with a mass spectrometric detector (Agilent Quadrupole LC/MS 6120) was used to identified and quantified twelve isoflavones. Three time quantitative HPLC analysis was performed on YMC-Pack ODS-AQ column (4.6 i.d. × 250 mm, RP-18, 5 μm). Previously described chromatographic conditions were used with small modifications (Liu et al., 2016) . Linear gradient mobile phase was used, which includes 100% acetonitrile (solution A) and 0.1% acetic acid aqueous (solution B). The linear gradients were as follows: 0 min 15% A, 0~30 min 20% A，30~60 min 40% A，60~70 Nitrogen was used in the ion source and as the collision gas, and the desolvation gas flow rate was 10 L min −1 . Each of the twelve isoflavones was identified by comparing the sample retention times with those of the isoflavone standards. However, the isoflavone concentrations were calculated in absolute term via linear regression.
Statistical analysis
Metabolomics analysis combined with chemometrics was used to investigate the quantification data acquired from HPLC. Partial least squares analysis (PLS) was performed to screen the specific soybean germplasms, and to evaluate the amonggroups and within-groups variabilities of multivariate data. Score plot and loading plot were provided by the SIMCA-P 13.0 software (Umetrics, MKS Instruments Inc., Umea, Sweden), the former visualized the variation of all samples by observing the clustering or scattering of the point in score plot and the latter explained which variables contribute most to this difference. Specific soybean germplasms were subjected to O2PLS-DA to evaluate the relationships in terms of similarity or difference among them and predict the geographical origin. Furthermore, score-loading correspondence identified the biomarker metabolites which distinguished the samples from different regions.
Results and discussion
Variation of isoflavone in soybean germplasms
Twelve isoflavones including malonylglycosides (malonyldaidzin, malonylgenistin, and malonylglycitin), aglycones (daidzein, genistein, and glycitein), acetyl glycosides (acetyldaidzin, acetylgenistin, and acetylglycitin), and glycosides (daidzin, genistin, and glycitin) were detected in the 144 soybean germplasms (Fig. 2) , and then analyzed by SPSS 20.0 to obtain the mean value ± standard error. The total isoflavone levels identified in 144 soybean germplasms are shown in Table S2 (see Appendix). The total isoflavone contents varied significantly among all germplasms due to different genotypes and locations. As shown in Table S2 , the total isoflavone contents of soybean germplasms varied from 0.612 mg.g -1 to 7.635 mg.g -1 . Among the identified isoflavones, glycosides and malonylglycosides derivatives were observed predominant.
However, in Northern China the total isoflavone contents in cultivated and wild soybean germplasms ranged from 1.462-6.115 mg.g -1 and 3.896-7.440 mg.g -1 , respectively (Cui et al., 2013) . The reason for that could be the environmental conditions of Southwest China (Sichuan, Chongqing, Guizhou and Yunnan) are relatively cool and wet compared to Northern China. Therefore, high isoflavone accumulation was shown in this study, because earlier studies in warm and dry environments have shown low isoflavone accumulation (Lozovaya et al., 2005) . A similar study has confirmed the change in soy isoflavone content with subtle changes in environmental factors (Caldwell et al., 2005) . In addition, comparative analysis of total isoflavone contents in soybean genotypes from four different locations showed higher isoflavone contents in samples grown in Chongqing (Table S2 ). This is because, Chongqing is located at a high longitude area, has a subtropical humid climate that promotes isoflavones accumulation in soybean seed. This is consistent with previous study that high longitudes are favourable for isoflavone biosynthesis (Wu et al., 2017) .
Screening of germplasm by PLS-DA
HPLC-based isoflavone profiling was conducted to assess the variations in isoflavone contents of various soybean germplasms. Data regarding the 12 isoflavones identified by HPLC analysis were subjected to PLS-DA to identify the differences among soybean germplasms and four different regions of origin ( Fig. 3) .
The PLS-DA score plot showed the profile differences of samples, which are different in genotypes and source of regions (Fig. 3A) . The corresponding loadings scatter plots of the isoflavone profiling is presented in Figure 3B . PLS-DA score plot demonstrated a little variability among samples of four regions of origin. However, five samples (C002, G010, G011, G013 and S075) clearly stood out from other genotypes in PLS component 1 (Fig. 3A) . Previous studies have indicated the effects of genetic variation on isoflavone biosynthesis (Eldridge and Kwolek, 1983; Wang and Murphy, 1994) . In our study, this could confirm that genotype plays an important role in the synthesis of isoflavones. However, PLS could not distinguish the influence of geographical environment.
The corresponding loading plot is used to identify those compounds that can exhibit maximum variability within a population . The five specific isoflavone germplasms were screened-out from all samples, resulted from their higher scores in component 1 of the PLS-DA. Daidzin, genistin, malonyldaidzin, malonylgenistin and acetylgenistin led to major contribution in component 1, for which the eigenvectors were 0.40, 0.42, 0.39, 0.40 and 0.36, respectively. The loading plot showed that isoflavone contents were higher in these five samples than others. Moreover, daidzin, genistin, malonyldaidzin, malonylgenistin and acetylgenistin were the discriminating metabolites which distinguished the specific isoflavone germplasms from the others. The isoflavone contents were controlled by genotype which contributed to the variation of specific germplasms in component 1 of the PLS-DA. The result is similar to Kim et al. (2014) , however more studies confirmed the influence of the both the genotype and the environment on the isoflavones synthesis (Lee et al., 2003; Murphy et al., 2009) . Several studies have shown the individual and total isoflavone contents of genotypes at different locations. Hoeck et al. (2000) found the significant differences among locations in one or more years for total and individual isoflavone contents. However, the consistency of the ranking among genotypes for the contents of individual and total isoflavones seems to depend on the magnitude of the differences in their inherent genetic potential for the traits ( To further elaborate the differences among 12 isoflavones in different samples, a heat map was created ( Fig. 4) . Different colors indicate the relative concentrations of corresponding metabolites in each sample. Red color indicates higher isoflavone level. The results clearly show that the content of daidzin, genistin, malonyldaidzin, malonylgenistin and acetylgenistin were higher in five specific germplasms (C002, Iqbal et G010, G011, G013 and S075) than others. These five specific germplasms had large amount of total isoflavone contents. Moreover, it also shows the daidzin, genistin, malonyldaidzin, malonylgenistin and acetylgenistin as discriminating metabolites which distinguished the specific isoflavone samples from the others. 
Geographical determination
O2PLS-DA is a good multivariate projection method, which separates the structured noise in bidirectional way X and Y. O2PLS divides systematic variation into two parts (X and Y). One is regarded as the predictive part which is related to both X and Y (covarying), whereas the other is regarded as parallel part that is not related to orthogonal. As a result, O2PLS improves the interpretation of the predicted model and simplify it as well. It has been reported that O2PLS performed very well for geographical determination of different samples (Consonni et al., 2010) . We therefore applied O2PLS-DA for geographical determination of five specific germplasms ( Fig. 5 ). These five specific germplasm samples came from clustering and scattering in score scatter plot (Fig. 5) . The parameters of cross-validation plot, i.e., R2(X) = 0.995，R2(Y) = 0.995, and Q2 = 0.989, indicated a valid model. All samples which had different geographical origins showed a clear separation into three groups: Chongqing, Guizhou and Sichuan (Fig. 5A) . The different geographical environment led to the sample variations. The score scatter plot indicated that the samples grown in Guizhou were clearly separated from others. This variation was mainly attributed to glycitin, glycitein, and malonylglycitin, of which the corresponding loading scatter plot was negative and contributed mostly to the first O2PLS principal component ( Fig. 5B) . Combining with the VIP value ( Fig. 5C ), glycitein and malonylglycitin with VIP more than 1.0 were determined as biomarker metabolites for soybean seed from Guizhou. In addition, samples from Chongqing (component 2 dimension) and Sichuan (component 2 dimension) were distinguished based on the second O2PLS principal component. The corresponding loading scatter plot was positive for daidzein, acetylglycitin and with the loading plot, the acetylgenistin with VIP more than 1.0 was determined as a biomarker metabolite to distinguish samples of Chongqing from others. However, as the loading plots showed that the acetyldaidzin had a negative loading value and contributed most to second O2PLS principal component. In addition, the VIP value of acetyldaidzin was more than 1.0. This confirmed that acetyldaidzin was a biomarker metabolite that distinguished samples of Sichuan from others. The results suggest that the content of glycitein and malonylglycitin were higher in samples from Guizhou while the content of acetylgenistin and acetyldaidzin were higher in samples from Chongqing and Sichuan, respectively. Moreover, the comparative analysis of total isoflavone contents in five samples from different locations showed higher isoflavone contents in samples grown in Sichuan province followed by Chongqing ( Table S3 in the Appendix). This could be due to the high latitude of both Sichuan and Chongqing areas with favorable environment to promote soybean isoflavone accumulation ( Fig. 1) . It is consistent with earlier study that the geographical latitude of the genotype location plays an important role in separating soybean genotypes with different chemical profiles (Wu et al., 2017) . A similar study was conducted by Zhang et al. (2007) in Northern China also confirmed the positive correlation between latitude and soybean isoflavone.
In addition, specific isoflavones were screened from all samples because their genotypes expressed higher isoflavone contents than the others. Therefore, the difference in regions led to the difference of isoflavone contents, which distinguished the five specific samples. It confirmed that geographical environment also influence the isoflavones synthesis besides genotypes. However, the geographical environment could distinguish small community size of specific samples.
A heat map was created to further explain the geographical determination of soybean genotypes based on the targeted isoflavone metabolomics, and to interpret the influence of geographical environment on isoflavone contents (Fig. 5D) . Samples from different regions clustered different groups in the heat map. However, they were not completely divided into three groups on the base of regions. Samples variability could be distinguished by difference of 12 isoflavones presented in the heat map. As results show, the content of glycitein and malonylglycitin were higher in samples from Guizhou while the content of acetylgenistin and acetyldaidzin were found higher in samples from Chongqing and Sichuan, respectively. The results are the same as the conclusion drawn from O2PLS-DA. It confirmed that glycitein, malonylglycitin, acetylgenistin and acetyldaidzin were biomarker metabolites that could interpret the influence of geographical environment to the isoflavone contents.
Conclusion
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